It has been previously suggested that there are time-and voltage-dependent K+-channels in the plasmalemma of Chara cells (2, 4-6, 11, 12, 25, 26). However, these channels have not yet been isolated from the membrane of plant cells.
phospholipid-protein nature of the membrane. The study of the adhesion of erythrocytes to the membrane ofprotoplasmic droplets shows that phytohemaglutinin-binding proteins are included in the lipid matrix during the membranogenesis (28) . Also, these droplets have similar electrophysiological properties to those of the plasmalemma of the internodal cell (15) . Since protoplasmic droplest are free of connective tissue or cell wall, they appear to form an ideal model system for studying ionic channels of plant cells by means of the recently developed patch-clamp technique (9).
It has been previously suggested that there are time-and voltage-dependent K+-channels in the plasmalemma of Chara cells (2, 4-6, 11, 12, 25, 26) . However, these channels have not yet been isolated from the membrane of plant cells.
In this study we combined the technique of formation of a protoplasmic droplet with that of the voltage clamp using the cell-attached membrane patch (9) in order to investigate the properties of a single passive ionic channel of plant cells.
MATERIALS AND METHODS
Because of the cell wall it is not possible to study directly in plant cells, as in animal cells, the properties of single channels of the plasmalemmma. Recently, the use of leaf cell protoplasts obtained after enzymic digestion of the cell wall has permitted studies of the properties of a single ionic channel using the method of the cell-free membrane patch (20, 23) . One of these studies (23) has shown that there is a voltage-independent K+-channel in the plasmalemma of guard cell protoplasts of Vicia faba. The other (20) has shown that at least four different but unidentified channels can be found in the plasmalemma ofwheat leaf cell protoplasts.
It is possible to form a protoplasmic droplet, which is surrounded by only one membrane, from the endoplasm of the large internodal cells of some species of Characeae (16) . Electron micrographs of a cross-section of a protoplasmic droplet show that a membrane separates the cytoplasmic phase of the droplet from the external solution (13 Figure 2 . At the onset of the voltage clamp (indicated by the arrow) there is a transient current pulse (capacitive current) followed by a steady level in which opening and closing events of membrane channels can be seen. The same kind of response is observed when the membrane potential is clamped at a value more negative than the resting value (membrane hyperpolarization) except that the current is in the opposite direction.
Hereafter we shall analyze separately the data obtained when we hyperpolarized and depolarized the membrane. This choice is based on the fact that different single-channel electrical properties were found in these two conditions of membrane polarization.
Membrane Hyperpolarization. High-conductance single-channels with inward currents were observed at negative potentials. Figure 3 shows records for different voltage-clamp pulses as obtained during high channel activity. The current through the channel disappears at the resting membrane potential (-1.6 ± 0.8 mV, mean ± SE, n = 17) indicating that the ions flowing through the channel are at electrochemical equilibrium at the resting membrane potential. This suggests that the channel is selective to K+ ions since Reeves et al. (22) have shown that K+ is in electrochemical equilibrium at the resting membrane potential, across the membrane of a protoplasmic droplet in the experimental solution used in the present study. Further evidence that this is a K+-channel comes from the result that when 20 mM TEA is added to the pipette solution the current through the channel decreases by about 90%. These results suggest that this ionic channel is a K+-selective channel, and are consistent with the fact that TEA blocks the potassium transport across the plasmalemma of internodal cells of Chara (6, 12, 17, 30), of Nitella (3, 19, 24, 27) , of the Hydrodictyon (7) and of Eremosphaera (18) , and with the inhibition by TEA ofthe ionic current through single K+-channels in animal cells (8).
The kinetics ofopening and closing ofthe K+-selective channel were analyzed in patches in which the activity of the only one channel could be detected. The mean dwelling time of the open channel state was 196 ± 39 ms (n = 44) at -20 mV and 100 + 16 ms (n = 71) at -50 mV. The mean closed time ofthe channel at-20mVwas47±6ms(n=61)andwas44±6ms(n=60) at -50 mV. These results show that the mechanism responsible for the closing of the K+-selective channel is voltage dependent and that the channel spends less time open when the membrane is hyperpolarized. No data about the lifetime of single channel activity were obtained beyond -50 mV since further hyperpolarization of the membrane induced multichannel activity in the patch. A typical example of such multichannel patch membrane clamped at a membrane potential of -150 mV is shown in Figure 4 . In this example at least four channels can be identified. Returning to a more depolarized level did not inhibit the activity of these channels. Thus, even when single channel activity was recorded it is clear that the patch contained channels that are not opening and closing.
The current-voltage curve of a single-channel currents (Fig.  5A) shows that this K+-channel also has a voltage-dependent conductance. The conductance of single K+-channels increases linearly as the membrane potential gets less negative (Fig. 5B) . The shape of the voltage dependence of a single K+-channel is different from that measured on a whole cell. The voltageconductance curve of a whole cell has a sigmoidal shape (e.g. 26) . This is because the macroscopic voltage dependence of the conductance of a whole cell depends mainly on the frequency of opening and closing of single channels rather than the change of the intrinsic conductance of each single channel (see Appendix). The nonlinear shape of Figure 5A tion of the K+-channels since it has been shown that calcium can block the potassium channels of whole cells (5, 12, 17).
At -75 mV the single-channel conductance was 106 ± 1 pS (n = 7) which is about three times the conductance ofthe voltageindependent K+-channel isolated from guard cells (23) . Our measurements for the specific membrane conductance give a value of about 10 S m-2 which is in agreement with published values ofprotoplasmic droplet conductance published previously (21) . We can thus estimate that the channel density is about 0.1 channels per square micrometer of membrane. This is consistent with our observation that even when single channel activity can be recorded, the pipette (which has a tip diameter of about 5 ,um) contains more channels that are not closing and opening.
At the same potential (-75 mV) but in the presence of 20 mM TEA the measured single-channel conductance dropped to 11 ± 2 pS (n = 3). This is in agreement with the measurements involving TEA in animal cells (8) and indicates that the lifetime ofthe interaction between the K+-channel and the TEA molecule is so short that individual blocking events cannot be resolved by our measuring system (10). This lifetime would thus be less than I ms.
The voltage-dependent K+-channels of Chara can close or open partially in a flickering way (Fig. 3) Membrane Depolarization. Figure 6 shows single-channel current when the patch membrane potential is clamped at positive values. This channel activity was not observed at the resting membrane potential which, as explained above, suggests that the channel is selective to K+ ions, but it was always observed at other positive membrane potentials, even when TEA was added to pipette solution.
The current-voltage curve of single-channel currents recorded when the membrane was depolarized is shown in Figure 7 . In the region of membrane potential investigated the single-channel conductance is constant. At +75 mV the single-channel conductance is 32 ± 2 pS (n = 5) which is one-third the conductance of the channel found in the hyperpolarized region and at the same absolute value of membrane potential. This value of conductance is the same when TEA is added to the pipette. Unfortunately, at membrane potentials above +75 mV under long term clamp conditions the patch usually breaks, so that we are unable to report any valid statistical analysis under this condition. For this reason it is also not possible to determine whether this channel is voltage-dependent or not.
At +75 mV the opening of a single channel carried an equivalent electrical current of 2.4 pamp. At this potential the ions are transported by the channel at a rate of 1.5 107 ions/s. This value and that for the single channel conductance are of the same order of magnitude as those obtained for the K+-channel of guard cells (23) .
One or Two Channels? Our results showing zero current in the channel when the membrane is clamped at the electrochemical potential of potassium is evidence that the channel at each membrane polarization condition is a potassium channel. However, our measurements do not permit us to decide between the existence oftwo different K+-channels or ofone K+-channel with asymmetrical electric properties. In the first case, we would have two different channels with different conductances and sensitivities to TEA; and for each channel we must postulate that there is a strong rectification of the electrical properties which would explain that the channel activity is not seen when the membrane polarization is reversed. In effect, a strong rectification means that the current flowing through the channel is so small when the membrane polarization is reversed that it is masked by the current of the other channel activity. In the second case, we Plant Physiol. Vol. 83, 1987 Conductance changes of the membrane depend on a displacement of the reaction (2) . If the reaction is shifted to the right the conductance will decrease whereas it will increase if the reaction is shifted to the left. would have one channel which displays rectifying properties: its conductance being larger for hyperpolarization than for depolarization. We must then postulate that the configuration of the channel is sensitive to the direction of the electrical field. One configuration would be sensitive to TEA, the other not.
That different types of potassium channels exist in the plasmalemma of internodal cells of Characeae has been postulated previously ( 12, 27) . The fact that there are TEA-sensitive (6, 12, 17, 30) and TEA-insensitive (1, 24) K+-channels in Chara cells supports the idea that different K+-channels can be present in the membranes of these cells.
CONCLUSION
It has been shown previously that the membrane of protoplasmic droplets contains phospholipids and proteins (14 
